It is the purpose of this article to redress the balance of that view and to examine the larger question of what exactly did the CBO contribute to the winning of World War II. Did it play an essential or peripheral part in Allied victory? What exactly was the nature of its contribution? What possible lessons might we draw from the campaign fifty years later?
We might best begin with a brief examination of the military doctrines with which airmen embarked on the conflict and how the harsh realities of war led to substantial alterations in the conduct of the campaign. Two substantial theories of airpower evolved in the twenty years before World War II. Both had a number of assumptions in common, and those assumptions would play a crucial role in how the air campaigns would begin and almost fail.
Above all the theorists of airpower in the inter war period argued that the airplane provided a means for nations to escape the terrible, killing war in the trenches that had marked the four long years of World War I. By attacking enemy power directly, either in his population or industrial centers, air forces would be able to achieve a quick, easy solution without enormous cost in lives or material. Moreover, they argued that new rules governed the conduct of air war; unlike naval or land war, there was no defense against air attack. The nation that placed its emphasis on bombers at the expense of fighters would be able to wage a war of annihilation against the enemy; fighters would not be needed either to defend one's own homeland or to escort the great bomber formations that flew over the enemy's homeland.
In specifics there were, of course, considerable differences between the two theories of airpower. The British, led by the RAF's first post war leader, Sir Hugh Trenchard, argued for attacks on enemy morale by attacks on his cities, particularly working class districts in urban areas 4 . Trenchard believed that civilian morale was particularly vulnerable; since they were a particularly slovenly, irresponsible, and ill disciplined lot, they could not stand up to bombing. Consequently, he argued, revolution would break out within the enemy nation under attack and the war would soon end.
The American version was different; rather than being articulated by one individual, it evolved out of teaching and theoretical work at the Air Corps Tactical School at Maxwell Field, Alabama. There, air theorists argued that industrialized nations contained vulnerable economic sectors on which the entire economy depended. The destruction of any one of these would cause the economic infrastructure to collapse. In particular theorists singled out industrial sectors such as electric power grids, transportation systems, and petroleum production as possibilities where precision bombing attacks would have a synergistic effect. This approach reflected the appeal of technology to Americans; the B-17 and the Norden bomb sight provided further support to those working on U.S. airpower employment in the 1930s. One also suspects that theorists at the Air Corps Tactical School recognized that targeting enemy populations might well destroy the attractiveness of airpower to the Congresses of the 1930s dominated by pacifistic sentiments.
We need not examine these theories in detail. However, there were weaknesses inherent within them and there was a general unwillingness on the part of airmen to question or test their hypotheses and assumptions. Crucial to both strategic bombing theories was a set of strategic and operational assumptions. The theories implied that modern industrialized societies rested on fragile frameworks which could not sustain punishment. Both theories posited that the enemy could not interpose an effective air defense between the bomber and its target. Consequently, in their view air forces should build as many bombers as possible and as »few fighters [...] as popular opinion [...] will permit« 5 . On the macro level, they assumed that history had little to teach air forces. In other words, technology had made obsolete the lessons of the past. The British Air Staff made this point explicitly in 1924. It argued that air forces:
»Can either bomb military objectives in populated areas from the beginning of the war, with the objective of obtaining a decision by moral effect which such attacks will produce, and by the serious dislocation of the normal life of the country; or, alternatively, they can be used in the first instance to attack enemy aerodromes with a view to gaining some measure of air superiority and, when this has been gained, can be changed over to the direct attack on the nation. The latter alternative is the method which the lessons of military history seem to recommend, but the Air Staff are convinced that the former is the correct one 6 .« On the tactical level, there were other assumptions on which these theories rested: a) that the bomber could find its targets easily; b) that the bomber could drop its weapons with accuracy even in the face of heavy anti-aircraft fire and air opposition; c) that bombing could do sustained and permanent damage; and d) that enemy fighter forces could not intercept bombers with any degree of reliability.
The problem with these theories was the fact that their advocates failed to see that the relationship between their assumptions rested on probability. The interaction between probability and chance, a dominant factor in war, insured that there would be a considerable degradation in the outcome of the theories. Among other factors the airmen should have confronted in peacetime, but did not, were questions such as: What were the difficulties involved in finding enemy targets? What would the impact of weather be? Could an enemy air force mount an effective air defense of its nation? What would be the impact on the morale of the crews of a sustained campaign with heavy losses? Would air forces be able to knock out targets with one attack or would sustained attacks be necessary? Would the enemy be able to disperse his production facilities? There were few clear answers to these kinds of questions in 1939 and in fairness to the airmen only the experience of war could validate or invalidate the pre war doctrine.
But in terms of learning from the past, one point does need to be made. Throughout the 20th Century military organizations have taken preconceived notions of what they believe combat will be like into the next war. Despite the fact that war in fact is substantially different than their preconceived picture, they tend to maintain their paradigm and attempt to force reality to conform to their preconceived notions 7 . Unfortunately, in both the case of the RAF and the USAAF most of the airmen involved in conducting the CBO allowed their pre war paradigm to distort fundamentally their conduct of operations.
The first lesson that Bomber Command learned came in its daylight, December 1939 attack on the German fleet in Heligoland Bight; the slaughter of the Wellington bombers by German day fighters was a salutary lesson that the equally costly raid on the M.A.N. works in Augsburg by Lancasters in 1942 reinforced, namely that daylight bombing would in most cases suffer prohibitive casualties. The British, thus, turned to night attacks on Germany with the beginning of active operations on 10 May 1940. For the next ten months, Bomber Command launched its aircraft against specific targets in the German petroleum and transportation systems. The shift to an »area bombing« strategy soon followed; but even then British bombers had difficulty in finding targets as large as urban centers 9 .
By winter 1941/1942 Bomber Command's campaign was in serious trouble; it was rescued by Air Marshal Sir Arthur Harris, »Bomber« Harris to his crews and the British population. Harris provided ruthless drive, enthusiasm, and motivational abilities to his task as commander-in-chief of Bomber Command. He was a highly intelligent man and could on occasion show flexibility. Nevertheless, his driving belief was that »area« bombing was the only targeting option open to his command.
In fact in 1942 he was right; »area« bombing was the only targeting option open. Harris, moreover, understood that even then »area« bombing imposed severe limitations on a command still struggling to find cities. Consequently, he selected Rostock, Lübeck, and Cologne more for their ease of location and their vulnerabilities than for their value to the German war effort 10 . By 1943 Bomber Command's capabilities were truly awe-inspiring. In the spring came the devastation of the Ruhr; in summer Hamburg's destruction. German morale bent but did not break. Not only did civilians prove surprisingly resolute, but modern society, particularly in a totalitarian state, possessed immense capacity to stiffen those who showed weakness.
By now the Americans, also, had embarked on air operations. Initial attacks on French targets in 1942 had, by 1943, expanded into raids deep onto the continent against crucial industrial targets, the destruction of which American planners believed would wreck the industrial fabric of the German economy. American attacks singled out ball bearings as particularly vulnerable. Some senior officers on the British Air Staff urged that Bomber Command follow up American strikes with night attacks on such targets. Harris would have none of it: his force would attack »area« targets and only »area« targets. Consequently, on 17 August, after the American daylight raid on Schweinfurt, Bomber Command struck the research installation of Peenemünde at the other end of Germany. The CBO was supposed to be a combined effort of RAF and USAAF strategic bombers against the Third Reich. Harris, however, had no interest in striking »panacea« targets and so refused to help. The Americans, on their part, were no more willing to throw themselves into Harris' night crusade to destroy Berlin over winter 1943/1944. Beginning in November 1943 Bomber Command went after Berlin. While it did manage to »wreck« much of Berlin, Nazi Germany did not collapse. German night fighters, poorly supported by their leadership, nearly broke Harris' forces. On the night of 30/31 March, the British lost 108 bombers, a raid symptomatic of the fact that German night defenses were imposing an unsupportable level of attrition on the night bombing offensive. That desperate fact explains why Harris, who had thus far (and would again do so) resisted every effort to alter Bomber Command's priorities, in spring 1944 placed his command at the Nevertheless, Harris opposed the bombing of marshalling yards and precision targets in the French transportation system with the argument that Bomber Command's CEP (circular area of probability) was so great that the resulting collateral damage would kill and maim tens of thousands of Frenchmen 11 . He was wrong, because Bomber Command had developed blind bombing capabilities so that it could execute strikes of almost surgical precision. 617 squadron had carried out the famous dams raid in May 1943 and taken out the Möhne and Eder dams with specially developed bombs; its techniques -low level marking, among others -gave Bomber Command, within limited range, a better capacity to execute precision raids than Eighth Air Force possessed. The resulting destruction of the French railroad network and the isolation of the Normandy battlefield were among the most important that it rendered in World War II.
In September 1944 there were three specific areas on which Allied strategic bombing concentrated: the oil campaign, the transportation plan to shut down the infrastructure of the German economy, and Harris' »area« bombing effort. The Allied ground drive to the German frontier brought with it two important advantages. On one hand, it impaired the German air defense system by destroying the long range warning network on the Atlantic coast. Secondly, it allowed Bomber Command to move navigational aids forward to the German frontier. It could now bomb accurately deep into Germany with the same accuracy that it had pounded the French railroad network in spring 1944. Harris, however, largely ignored the changes involved in the improved capabilities and resolutely continued his emphasis on »area« bombing. Bomber Command contributed only so much to the oil and transportation plans as Harris thought that he could get away with. In December 1944 he directly told the Chief of Air Staff that Bomber Command would contribute to the oil plan (a »panacea« target in Harris' definition) only as much as he, Harris, felt he could spare from area bombing 12 . It is, of course, impossible to prove that if Bomber Command had concentrated on oil and transportation it could have shortened the war. But those two target systems paid enormous dividends in 1944 and Harris' force did have the capacity to hit its targets with impressive accuracy. The American effort evolved over a shorter period and generally displayed more consistency. Nevertheless, there were distinct periods through which American plans evolved in reaction to the realities of the air war. The Americans did have a substantial period of peacetime during which they could observe and learn from the combat experience of others. There is not much evidence to suggest that this was so. Rather their impressions of the Battle of Britain were that the reasons for the defeat of the Luftwaffe's bomber formations had been 1) bad formation flying, 2) inadequate defensive armament on German bombers, and 3) inadequate training of aircrew 13 . In no sense did American airmen recognize how extraordinary a threat the enemy's fighter force would represent. Employment plans for the European theater, drawn up in August 1941, argued that »by employing large numbers of aircraft with high speed, good defensive power, and high altitude«, American bombers could penetrate deep into the heart of Germany in daylight without suffering unbearable losses 14 .
The 16 . The Luftwaffe's position on the list obviously represented a recognition of the enemy fighter threat, while submarines were an immediate and serious danger to the base of air operations. But the emphasis on ball bearings, oil, and synthetic rubber represented a search for the weak link in the enemy's economic system. The August 1943 attack on Schweinfurt was the culmination of pre war American air power theories; but it also represented the weaknesses of pre war doctrinal thinking. Half of the raiding force on 17 August struck the Messerschmitt factory at Regensburg; the other half attacked the ball bearing factory at Schweinfurt. The attacks achieved some significant success 17 . American airmen were most satisfied with the result; however, heavy losses on the raid (60 bombers) discouraged an immediate reattack. Not until October did Eighth Air Force's B-17s return. Again they heavily damaged the target, but German dispersal efforts were well under way; and again the Germans imposed a heavy loss rate on attacking formations (another 60 bombers).
Not until February 1944 did Eighth Air Force strike Schweinfurt again, this time with massive help from Bomber Command. After the war Adolf Speer suggested to Allied interrogators that a concentrated offensive on the ball bearings industry would have needed to look as follows: -Armaments production would have been crucially weakened after two months, and after four months would have been brought completely to a standstill. This, to be sure, would have meant: -One: All our ball bearing factories (in Schweinfurt, Steyr, Erkner, Cannstatt, and in France and Italy) had been attacked simultaneously. -Two: These attacks had been repeated three or four times, every two weeks, no matter what the pictures of the target areas showed.
-Three: Any attempt at rebuilding these factories had been thwarted by further attacks, spaced at two month intervals 18 . The problem was twofold: Bomber Command refused to cooperate, while the punishing losses suffered by Eighth Air Force made it impossible to repeat attacks on the target system except at great intervals.
Losses inflicted by the Luftwaffe on American bombers in fall 1943 forced changes in American air plans. A renewed air offensive deep into Germany began in February 1944; »Hap« Arnold, commander of USAAF in his Christmas 1943 message set the priorities for the coming effort: »Destroy the enemy air force wherever you find them, in the air, on the ground, and in the factories 1 '*.« Over a four month period, USAAF accomplished Arnold's goal. On one hand heavy bombing attacks on production facilities brought German fighters up where American long-range escort fighters could destroy them. On the other, German production of fighters actually increased under the rain of bombs. But, historians have largely exaggerated the latter factor. In fact, the weight of German airframe production only increased by slightly more than twenty percent, for the Germans increased fighter production only by ceasing production of most other kinds of aircraft 20 . Moreover, much of this production was achieved by double bookkeeping 21 , and what was produced was of generally shoddy workmanship 22 . The Luftwaffe never recovered from the onslaught.
In April 1944 American strategic bombers came under Eisenhower and saw their priorites shifted to attacks against the French transportation network. Nevertheless, in May 1944 General Carl Spaatz persuaded Eisenhower that Eighth Air Force possessed the excess capacity to take on an additional target set: the German oil industry. On 12 May, 935 B-17s and B-24s attacked synthetic oil plants at Zwickau, Merseburg-Leuna, Brüx, Lutzkendorf, Bohlen, Zeitz, and Chemnitz 23 . Throughout the remainder of the war, Eighth attacked the synthetic fuel industry on a sustained basis. Crucial to its effort was the fact that »Ultra« intelligence informed American airmen that these attacks were having a serious impact on German oil production, as well as suggesting the level of success that the Germans were achieving in repair efforts 24 .
One final element in air war planning deserves attention. The success of interdiction attacks on the French transportation network led Eisenhower's chief air expert and deputy, Air Marshal Sir Arthur Tedder, to push for a similar transportation offensive, in fall and winter 1944/1945, to bring the German economy to a halt. Tedder drew considerable aircraft from Eighth's oil offensive and Bomber Command's »area« offensive to support his plan. These attacks on the German transportation system played a crucial role in the sudden collapse of German armed forces on the western front in March 1945 25 . The above discussion has aimed to suggest the evolution of Allied targeting and planning. That evolution at times reflected the harsh lessons that war and the enemy imposed on Allied air commanders. It is hard, however, to understand the general overconfidence that so many airmen held. Moreover, it is difficult to explain the lack of adaptability, especially when new technology and tactical conceptions provided the air offensive with new avenues. Nevertheless, the reader must remember that we enjoy the benefit of hindsight, while those who conducted the Allied strategic bombing effort operated under the pressures of events, with incomplete information, and against a tenacious and ferocious opponent.
Before we turn to the impact of this bombing effort, it will be useful to look at how the requirements of the CBO as well as the enemy's reaction forced airmen to utilize the technology available to them. One of the more surprising aspects of the bombing offensive is the fact that equipment availability and increased technological capability exercised relatively little impact on operational choices. As discussed above, Bomber Command underwent a revolution between 1942 and 1945 in its capacity to hit targets accurately; in 1942 it could barely find cities; by 1945 it was able, within certain range limitations, to identify and hit targets with greater accuracy than American daylight bombers. However, as the British official historians admit, Bomber Command failed to use this capability to its fullest extent. Rather, Harris dug in his heels and fought to keep his command's emphasis on »area« bombing and away from »panacea« targets. The result led to Dresden, but the collapse of the German oil and transportation industries undoubtedly occurred later than might have been the case. »It must, generally speaking, be regarded as axiomatic that the long-range fighter must be inferior in performance to the short-range fighter [...] The question had been considered many times and the discussion had always tended to go in circles [...] The conclusion had been reached that the escort fighter was really a myth. A fighter performing escort functions would, in reality, have to be a high performance and heavily armed bomber 27 .« In 1941 the Chief of Air Staff, responding to an inquiry from Churchill, told the Prime Minister that long-range escort fighters could never hold their own against short-range fighters. Churchill's response was that such a view closed »many doors« 28 .
Conventional wisdom suggests that only the oil campaign had a decisive impact on Germany's capacity to wage war. This was indeed the most vulnerable target and attacks on oil achieved significant degradation of the German ability to wage war. Yet such a position simplifies a complex position and begs several crucial issues. Moreover, the fashion in which target subsets were attacked, the persistence with which the CBO followed up attacks, and the understanding as to what was required to damage targets, all are issues which need addressing.
We might begin with the »area« bombing offensive -one that conventional wisdom argues did not achieve its aims and which may have even worked to increase the German willingness to fight on to the bitter end. The actual picture, however, is very different, especially if one takes into account the unintended effects that »area« bombing produced within the German leadership.
First of all, evidence suggests a two fold response from the German population. On one hand, the impact of area bombing did severely damage German morale, particularly in the cities. By 1943 area bombing had caused a dramatic fall in popular morale 29 . Knowledge of what had happened at Hamburg in July 1943 spread throughout Germany; in south Germany, attacks on Nuremberg, Munich, and Augsburg made the population restive, angry, and bitter. How much this translated into direct impact on the war is, of course, another question.
However, another aspect of popular reaction to the bombing is also noteworthy. At the same time that the Germans were gloomy over the bombing, they were also extraordinarily angry at their tormentors and demanded retaliation against Britain. Reports by the secret police on the popular mood explain the continued demand of the Nazi leadership for retaliation weapons (V-ls and V-2s), its willingness to throw away the Luftwaffe's bomber fleet in winter 1944 in pointless attacks on the British Isles, and its refusal to provide sufficient support to the fighter forces until defeat in the air was a fact. Moreover, distortions in production as a result of V-l and V-2 programs were enormous. The strategic bombing survey estimates that in the last year of the war the industrial effort expended for these weapons alone equated to production of 24,000 fighter aircraft 30 .
The American Strategic Bombing campaign suggests a number of crucial target systems, some which were attacked, others of which were ignored. Attacks on submarine pens and dockyards were the least effective targets. That fact was understood by airmen at the time; nevertheless, the pressure of German U-boats in the North Atlantic in 1942 and early 1943 was such that political pressures forced Allied airmen to attack those targets regardless of results.
The attacks against ball bearing factories in 1943 paid dividends, but did not achieve the results hoped. German industry had far greater reserves of bearings than expected; foreign sources, particularly the Swedes and the Swiss, stepped in and made up some of the losses in production; finally the Germans switched to other kinds of bearings, such as roller bearings, where they could. Thus, various expedients allowed the Germans to master temporary difficulties. Eighth Air Force's failure to return to Schweinfurt until October also helped. Undoubtedly, Bomber Command's intervention might also have in-creased the impact of the initial attack, but Harris was riding high in summer 1943 and was not about to divert his forces to a »panacea« target.
Attacks of the German fighter industry also achieved some success in 1943. Nevertheless, the Germans avoided a complete shut down of the aircraft industry in early 1944 for a number of reasons 31 . A shift in production from bombers to fighters helped; the creation of a special »Fighter Staff« under the leadership of Milch and Sauer, extended Speer's reforms to the aircraft industry. And the pressure exerted by combat with American longrange escort fighters placed intolerable pressures on German industry for replacement aircraft. In March General Adolf Galland, commander-in-chief of fighters, reported that he had had only 250 fighters on the day before to meet the American onslaught. He pleaded with the Fighter Staff for fighters, fighters, nothing but fighters 32 .
Nevertheless, the attack on the aircraft industry was not a particularly profitable line. Such attacks carried little collateral impact on the rest of the economy. The aircraft industry was producing an end product; it was probably more profitable to destroy the end product in the air, when one had the opportunity to kill or injure the pilot as well. One factor that worked against the 1944 attacks was the fact that the aircraft industry had been one of the major targets in 1943. Consequently, the Germans had by 1944 undertaken measures, such as the dispersal of facilities, that mitigated the impact of air attacks.
Coherent attacks on the oil industry did not begin until May 1944. Admittedly Fifteenth Air Force's B-24s had struck Ploejti in summer 1943, but they suffered such catastrophic losses that there were no follow up raids. Because of excess capacity in the Rumanian refineries the Germans avoided any serious disruption of the oil supply. Attacks on the synthetic fuel industry in Germany were another matter; from the first, the Germans understood that destruction of the synthetic petroleum industry might cost them the war. Why it took so long to attack oil facilities is impossible to answer. The most probable explanation lies in mirror imaging. Since the U. S. did not have serious problems with access to petroleum, it assumed a similar situation existed in the German war economy. Thus, Allied estimates projected far higher reserves of petroleum than was the case.
Throughout the war Germany's petroleum situation had rested on an extremely tenuous basis. Between September 1939 and May 1940 petroleum reserves had dropped by nearly 50 percent 33 . Only the conquest of Western Europe and Soviet oil deliveries carried the Germans through the next year. By 1943 the German production and imports had reached their high point for the war. Over the winter of 1943-44, the Germans were able for the first time in the war to build up a small reserve of aviation gas (119,738 tons). Its existence provided a cushion for meeting the fuel crisis in early summer 1944 34 .
On May's attacks were a prelude to even more devastating raids in succeeding months. By mid June American raids had knocked out 90 percent of aviation fuel production (less than 650 tons). By mid July the Germans had repaired their facilities sufficiently to quadruple production. Alerted by »Ultra« on repair efforts, more raids, now with Bomber Command support, lowered production to 120 tons per day. By the end of July Allied air attacks had destroyed 98 percent of the capacity to produce aviation fuel 40 . While the situation with production of other derivatives was not so desperate, it hardly allowed for optimism. In July, Leuna produced only 70 percent of normal production, while other major centers dropped to between 43 percent and 58 percent of estimated capacity. Continued attacks throughout the summer and fall kept a firm lid on German production (See Table I ): These figures underline the enormous impact that the oil campaign had on German fuel production. Nevertheless, we should avoid an overly sanguine belief that this campaign exercised a decisive impact on the course of operations. In the air war, that was probably the case. Nevertheless, by May 1944 the Allies had won general air superiority over Europe and it is unlikely that continued availability of aviation fuel would have changed that situation, especially given the overwhelming aircraft production advantage enjoyed by the Allies 41 . Even in the face of overwhelming air superiority and severe fuel shortages, German ground forces held Anglo/American armies to a virtual stalemate from June 1944 to February 1945 with the exception of August 1944. Consequently, the oil offensive, while contributing considerably to final victory, was not by itself decisive. It impaired but it did not prevent the Wehrmacht for conducting a sustained and ferocious defense.
The third great element in the Allied air offensive against the Reich was the effort to destroy the transportation networks of Western and Central Germany. As articulated by Sir Arthur Tedder, Eisenhower's chief deputy, this plan aimed at two basic effects: first to limit the logistical support on which the German armies depended; secondly, to halt German production by stopping the movement and distribution of goods, raw materials, and fuel within the industrial infrastructure. Generally such efforts to break the transportation network supporting major military forces have failed more often than not. Operation »Strangle« in the Italian theater in 1944, Operation »Strangle« against North Korea in 1952, and American interdiction supply down the Ho Chi Minh trail from 1964 to 1972; all are notable examples of airpower's failure to halt logistical movement. Air operations against the German industrial transportation network, however, suggest that in certain circumstances this form of targeting represents a profitable avenue of approach.
Tedder was drawn to the transportation plan because of the success of Allied tactical and strategic air forces in France in spring 1944. The result of that effort had seen the virtual cessation of traffic in northern and western France making German logistical problems immeasurably more difficult 42 . In early June a Luftwaffe intelligence appreciation suggested:
»In Zone 1 [France and Belgium], the systematic destruction that has been carried out since March of all important junctions of the entire network -not only of the main lines -has most seriously crippled the whole transportation system (railway installations, including rolling stock) [...] The rail network is to be completely wrecked. Local and through traffic is to be made impossible, and all efforts to restore the services are to be prevented. The aim has been so successfully achieved -locally at any rate -that the Reichsbahn authorities are seriously considering whether it is not useless to attempt further repair work 43 .« With the experience of the spring campaign, Tedder and his chief scientific advisor, Solly Zuckerman, designed a tactical and strategic rationale and plan to replicate this success. Tedder's close relationship with Eisenhower along with his astute political sensibilities allowed him to move transportation up to the number two priority after oil for Allied air attacks 44 .
Beginning in September 1944 the weight of Allied air attacks fell with increasing severity on German transportation. This was particularly the case since attacks on oil targets were to take place only in conditions of good visibility -a condition that was less and less available as winter approached. Air planning divided Germany into nine specific transportation districts, five of which lay to the west of Kassel along the western frontier. In central and eastern Germany, the plan identified transportation districts in Silesia, around Vienna, to the west of Berlin and and in Bavaria 45 . The aim was to break the transportation system among these axes so that raw materials, finished goods, and parts could not move. The hoped for result was a collapse of the German economy. Crucial to the offensive would be blockage of not only the Reichsbahn (German railroad system) but also in the canal and waterway systems.
The transportation offensive had an almost immediate impact on German transport. As the US Strategic Bombing Survey makes clear, loading of railroad cars plummeted from mid-August. For the week ending 19 August, the Reichsbahn loaded and dispatched 899,091 cars; by the week of 28 October that figure had fallen to 703,580 cars; and by 23 December the number had fallen to 547,309 despite heavy demands from the Ardennes offensive 46 . By December 1944 marshalling capacity of German rail yards had declined to 40 percent of normal; by February 1945 it had reached 20 percent. The Ardennes offensive indicates that the offensive was not yet able to prevent the Wehrmacht from executing operations. But its impact was far larger; in effect the attacks »had reduced the available capacity for economic traffic in Germany to a point which could not hope to sustain, over any period of time, a high level of military production« 47 .
The loss of transportation gradually strangled the economy by disorganizing the flow of those elements crucial to further production of weapons and ammunition. Under such conditions neither planning nor actual production could take place in an orderly fashion. The collapse of coal transportation suggests the extent of this situation. In January 1944 the Essen division of the Reichsbahn had loaded an average of 21,400 cars daily. By September 1944 that total had dropped to 12,000, of which only 3-4,000 were long haul. By February 1945 Allied transportation attacks had cut the Ruhr off from the rest of Germany. The Reichsbahn often had to confiscate what little coal was loaded just to keep locomotives running. Underlining the impact of transportation attacks is the state of coal production and stocks in the Ruhr between August 1944 and February 1945. Despite the fact that coal production fell drastically from 10,417,000 tons in August to 4,778,000 tons in February, stocks in Ruhr collieries rose from 415,000 tons to 2,217,000 tons; the stocks of coke similarly rose from 630,000 tons to 3,069,000 48 . The Ruhr was quite literally swimming in coal it could no longer transport even to the industries in its own region, much less the rest of Germany.
Nevertheless, in retrospect the Allies failed to utilize their full capabilities to shut down German transportation. There were a number of reasons for this. Harris' commitment to »area« bombing meant that Bomber Command never threw its full weight behind such a »panacea« target system. The Americans were largely committed to the oil plan. Moreover, »Ultra« information was not properly used to underline the successes of the transportation attacks. One message of late October 1944 was not used until February 1945. It stated: »On October, Reich Minister for Equipment and War Production reported that, on account of destruction of traffic installations and lack of power, from 30 to 50 percent of all works in west Germany were at a standstill 49 .«
The evidence points to a general collapse of the German war economy by mid winter 1945. It was not a sudden and cataclysmic collapse and for that reason it remained difficult to discern even for those who were conducting the campaign 50 . The German Ardennes offensive also misled not only those conducting the campaign but the historians who have subsequently judged the utility of strategic bombing. In July and August 1944 German armies on both the eastern and western fronts had collapsed with losses of massive amounts of equipment. Nevertheless, because German production in summer 1944 remained largely unimpeded, the Wehrmacht was able to reequip those who survived and the new men (mostly boys) culled to fight on the frontier. There the Germans put up a very successful level of resistance and even launched the offensive into the Ardennes. Nevertheless, that was their last shot. Beginning in January 1945 in the East, followed within a month and a half in the west, German armies collapsed. Neither on the Rhine nor on the Oder were they able to reknit for a last stand on the ruins of the Reich. As a result there was no last, massive Götterdämmerung. The cause lay in the fact that the transportation plan had successfully shut down the German war economy by mid winter 1945 and the Wehrmacht simply no longer had the weapons or ammunition to continue the struggle. Even blind fanaticism can not maintain a struggle under such circumstances.
48 Ibid. 49 Mierzejewski, The Collapse of the German War Economy (see fn. 25), p. 167. 50 Part of the problem was undoubtedly the fact that even this late in the war airmen were still conditioned by the impact of pre war air doctrine which had assumed that the impact of strategic bombing would be quick and decisive.
Contributions of the CBO
Virtually nothing happened as pre war airmen thought it would. That statement is not surprising given the fact that neither naval nor land combat have proven easier to predict in pre war periods 51 . What made the short fall between expectations and realities so noticeable was the fact that airmen regarded their weapons and their doctrine as a guarantee for victory -one that they could achieve without the terrible attrition that had so marked World War I. The greatest surprise of the air war turned out to be the fact that the same conditions and rules governed air war as governed the more traditional forms of combat. As one historian of the Combined Bomber Offensive has noted: »Thus we are left with one clear reminder of a painful truth: the laws of war applied as much to the strategic air offensive waged over Europe's skies through five-and-a-half bitter years as they did to the sailors and soldiers on the distant seas or in the mud and sand below. Occasionally, the airmen may have felt himself living and fighting in a new dimension, just as the air force commander may have sometimes felt he enjoyed a freedom of manoeuvre denied to admirals and generals. But the airman died, and the air force commander was defeated and stalemated unless the laws were kept. , When they were kept, success came; until they could be kept, hope was kept alive by courage alone 52 .« Enemy air forces could interpose themselves between bombers and their targets and inflict an unacceptable level of attrition on attacking forces. Air force propagandists could claim that once bomber formations were dispatched they had never failed to attack their targets, but such statements beg the question; while Eighth Air Force successfully bombed Schweinfurt in August and October 1943, it is equally clear that its bombers could not return for a substantial period of time, because the defender had so successfully devastated attacking aircraft.
The second major surprise of the air war had to do with the capacity of the modern industrial state and its population to absorb huge punishment and still function in an effective fashion. It was not that bombing made workers more efficient, as some superficial critiques of the Combined Bomber Offensive aver; rather modern industrial states, whether totalitarian or democratic, are capable of mobilizing manpower and resources in almost endless quantities. And when popular morale faltered, states possessed the requisite stiffening power to keep things in line. Moreover, excess capacity in industrial infrastructure combined with human ingenuity to adapt and find alternatives to the damage inflicted by strategic bombing attacks.
There were few positive surprises. Perhaps one that is of some significance was the extraordinary adaptability and imagination of scientists and technology to the problems that air war posed 53 . Nevertheless, in many cases, especially early in the war, airmen were not receptive to the possibilities that technology and science offered. Nor were they particularly prepared in terms of their educational background to deal with these issues. One of the largest lessons raised by the conduct of the CBO is fundamental to military history and to the extraordinary differences between peace (what Clausewitz termed »war on paper«) and the actual conditions of combat. This basic factor makes it difficult for peacetime military organizations to think through the impact of factors such as friction, terror, death, and destruction. Then, when the actual conditions of war turn out to be so new and difficult, the problems of adapting prove almost insurmountable.
In addition to this basic reality, airmen faced a number of other crucial problems. First of all, World War I hardly provided much guidance. From our perspective, there was evidence in that conflict of the crucial necessity of gaining air superiority, the difficulties involved in finding and hitting targets accurately, the crucial role of attrition, and a number of other issues. But in fairness none of these could be said to have found resolution in World War I. The second great problem that airmen confronted lay in the technological revolution that occurred in aircraft design, capabilities, and performance. Added on to that revolution came the development of radar and navigational devices that seemed to expand airpower's capabilities geometrically. Consequently, adaptation to change and new capabilities absorbed the energies of air commanders, leaving them little time to think about the impact of those changes in war.
War itself was a harsh teacher. The interrelationship between assumptions proved to be exponential rather than arithmetic. Consequently, the theoretical possibilities offered by the applications of airpower to discrete target sets in pre war theory proved considerably less in practice than minimal expectations. Compounding the problem was the fact that as with most human institutions, air forces found it difficult to adapt to a rapidly changing environment as the air war proceeded.
The revealed wisdom in the academic community suggests that the Combined Bomber Offensive played a relatively unimportant role in the winning of World War II. This approach argues that the opportunity cost was excessive. The evidence, however, points in a different direction. It suggests that the Combined Bomber Offensive should rank directly after the Eastern Front in calculations of contributions to Allied victory in World War Π.
Part of the problem had to do with the excessive claims of airmen and airpower theorists in pre-war and wartime periods; their claims and expectations were not equalled by reality. While the US Strategic Bombing Survey does not suggest that the bombing offensive was decisive in and of itself, it does provide considerable documentation on the impact that strategic bombing had on the German economy and war production. Moreover, there were a number of unintended effects that the bombing produced.
There is no doubt that »area« bombing exercised an increasingly severe impact on German morale as the war continued and that it did affect Germany's capacity to produce the elements of military power. Speer warned Hitler, in August of 1943, that if Bomber Command replicated Hamburg (the devastating raid of the night of 24 July) six more times, it would bring »Germany's armaments production to a halt« 54 . The problem was that Bomber Command was not capable of replicating its success in succeeding months. It did create another firestorm in its raid on Kassel in October 1943, but by that time German night fighters were imposing a rising rate of loss, while the bad weather period made it more difficult to achieve required levels of concentrated bombing.
The contribution of »area« bombing is equally difficult to measure in a quantitative sense. We can surmise that within areas devastated by Bomber Command, substantial 54 Speer, Inside the Third Reich (see fn. 18), p. 284.
damage was done to German production. How much German production might have increased, had the »area« bombing campaign not occurred is impossible to estimate. What we can suggest is that a German economy, unburdened by such attacks, and drawing on the whole of Central and Western Europe, might have accomplished production totals close to those of America and the Soviet Union. Such a success would have had direct and appreciable influence on the fighting, whether one talks about land, sea, or air.
We can, however, estimate Bomber Command's impact more closely in the realm of indirect cause and effect. The British attack on morale led the Nazi government to make two crucial errors in responding to the threat, both of which had important impacts on the course of World War II. On one side, British night raids caused a substantial distortion in the production of artillery and ammunition. The German population drew confidence from the large numbers of anti-aircraft guns blasting away from their cities at the air pirates overhead. By summer 1943, no less than 89 flak batteries defended Berlin 55 . The overall growth in flak batteries in the anti-aircraft forces was phenomenal in the period from 1940 to 1944. From 791 batteries (88's, 105's, and 128's) in 1940, the number grew to 967 in 1941, 1,148 in 1942, and 2,132 in 1943; such forces represented a prodigious investment in resources and manpower 56 . All of these batteries expended ammunition in vast quantities without much significant return on investment. Unfortunately for the Germans, the results were more visually spectacular than damaging. The 88mm flak 36 weapon required an average expenditure of 16,000 -plus shells to bring down one aircraft at high altitude, even when bombers were attacking in a concentrated stream 57 . The reader hardly needs reminding that the presence of somewhere around 10,000 anti aircraft guns (all highly capable in the anti-tank role) would have had significant impact on ground fighting on the eastern or western fronts in 1943 and 1944.
The second impact of »area« bombing came in the reaction of the Nazi leadership. Ironically, German leaders were the only ones to remain tied to a Douhetan air strategy throughout the war. Their reaction was not to ward off Allied air attacks by defensive measures, or to attack Allied bomber bases. Rather their reaction was to strike back with terror. Hitler had warned his military aides shortly after the first substantial raid on Hamburg that terror could only be broken with terror. Attacks on German airfields had made no impression on him, he had commented, but the smashing of the Reich's cities had been another matter. It had been the same thing with the enemy, he had added. The German people demanded reprisals 58 . As a result German production through 1944 had emphasized bomber rather than fighter production.
Hitler's emphasis on retaliation rather than on air superiority resulted in the greatest German production error of World War II. Both the army and Luftwaffe were in 1943 about to produce retaliation weapons: the army, the V-2, and the Luftwaffe, the V-l. The first represents a triumph of German engineering, but it was not a monument to good sense. As a weapon, it demanded extremely complex technology (both in production and combat phases), it was expensive, it used scarce raw materials, and its production overloaded instrument and electrical components industries. In summer 1943, German leaders faced the crucial choice of radically restructuring the aircraft industry to 55 62 .« Even Speer, normally a shrewd calculator of military and production realities, was an enthusiastic supporter of the V-2 program to pay the British back.
The consequence of this was emphasis on the V-l and V-2 weapon programs (the V stands for revenge in German) that distorted air defense programs in the last years of the war. Not only did it prevent development of an effective anti-aircraft rocket, but it drained off significant resources from fighter production. The US Strategic Bombing Survey estimated that the fighter industrial effort and resources expended for these weapons in the last year and a half of the war equalled the production of 24,000 fighter aircraft 63 . Considering that German aircraft production in 1944 only reached 36,000 aircraft (barely 8,000 more than Japanese production) one can see the impact of revenge weapons on the Luftwaffe's air defense capabilities 64 . Here the Nazi regime was reacting to popular pressures and declining morale under the furious impact of »area« bombing. The regime's resulting decisions responded to political factors rather than to strategic and military realities. Thus, just in terms of the V programs alone, »area« bombing achieved an enormous distortion in the German war effort of real consequence to the war's outcome.
The opportunity cost of the American effort is easier to assess because it did have specific target sets against which its success can be measured. In 1943 the two crucial target sets were ball bearing and aircraft production facilities. The attacks against the first failed for a number of reasons. Eighth Air Force was never in a position to deliver a sustained and consistent effort against the industry. Consequently, the Germans rebuilt facilities at Schweinfurt, dispersed production, and utilized alternatives such as roller bearings. More-over, German industry itself, facing war time shortages, possessed a large back log of ball bearings that helped overcome shortages.
Attacks on the German aircraft production in 1943 were more successful. These raids did not defeat the Luftwaffe, but they created the preconditions necessary for gaining air superiority in 1944. To begin with, they caused a significant drop off in fighter production in the last half of 1943. Table II These American raids on the German aircraft industry, while costly to the attackers, also imposed a high rate of attrition on the defender 65 .
The American air campaign in 1944 again had specific target sets, the attacks on which again had specific, measurable results. For the first five months, the focus remained on the Luftwaffe and its industrial support. Then in May 1944 the focus shifted to attacks on oil which remained the major target set for American bombers through to the end of the war. In both efforts American attacks achieved the desired effect, although in the first case as much through indirect impact as direct effects. American attacks on German aircraft production did achieve notable success, the critics of strategic bombing notwithstanding. As pointed out earlier, increases in German production came at the expense of bomber production. The number of fighters produced in 1944 did increase 55.9 percent from the previous year, but the weight of aircraft produced rose only 23.9 percent, a reflection of the diversion of production from bombers to lighter fighters 66 . The facts that Milch and Luftwaffe planners were hoping to produce 80,000 aircraft in 1945 suggests the kind of target that German industry might have reached without the retarding effect of strategic bombing 67 .
The indirect impact of American strategic bombing was no less impressive. The Germans clearly recognized that this offensive aimed to destroy the Luftwaffe's capacity to fight. Consequently, Luftwaffe fighters had to come up to protect its long-range future and then American long-range escort fighters quite literally broke German air power's 65 For a more complete discussion of these issues see Murray, Luftwaffe (see fn. 13), Chapters V and VI. 66 68 . That contribution gained the Allies air superiority over the European Continent with two crucial benefits: it allowed daylight bombing of Germany to continue unimpeded for the remainder of the war and made possible the Normandy landings with no interference from the Luftwaffe. The oil attacks also had significant direct and indirect effects and placed enormous impediments in the way of German military operations. In the case of the air they interfered with German air operations; even more importantly, they forced the Luftwaffe to reduce the number of flying hours it provided its new fighter pilots, making them even less capable of flying and defending themselves. The impact on ground operations were also dramatic; without sufficient petroleum German ground units could not manoeuver in the same fashion as in earlier years. For example 1,800 tanks were present to defend Silesia in January 1945, but they were virtually immobilized for lack of fuel. Consequently they were far less able of defending this crucial industrial region than would have been the case the year before 69 .
But whatever impact the oil campaign enjoyed in limiting the manoeuvrability of the Wehrmacht, it did not prevent the Germans from putting up sustained resistance over the war's last years. Both on the eastern and western fronts, over the fall and winter of 1944/ 1945, the Germans prevented the Allies from achieving their strategic objectives. Moreover, in December 1944 the German army was able to launch a major offensive in the Ardennes that at least at the time appeared to have the prospect of achieving significant gains.
Strategic bombing's greatest contribution came in the last months of the war. From 1944 three separate but powerful sledgehammer blows hit the German nation. We have already discussed the oil and »area« bombing campaigns; the most crucial effort, in the opinion of this writer, came with Tedder's transportation offensive. That effort could not prevent the Germans from making a last stand on the frontier, one that lasted into the winter of 1944/1945. Nor could it prevent the Germans from assembling their reequipped forces for the desperate Ardennes offensive in December 1944. But by late fall 1944 it was well on the way to shutting down the German economy. By mid winter 1945 German industry was in a state of collapse with dramatic declines in production in all sectors. And even the weapons and munitions produced were not getting through to the troops. Movement on the railways and waterways of the Reich ceased and the armies, starved for munitions and weapons, collapsed. Thus there was no great Götterdämmerung to prolong the war, complete the wreckage of a catastrophic war, and kill millions more. But the contribution of the transportation plan has largely remained buried in the statistics of the Strategic Bombing Survey.
What then were the opportunity costs of this campaign? As the above comments suggest, strategic bombing played a crucial role in Nazi Germany's defeat. In fact victory over Germany is inconceivable without the Combined Bomber Offensive, just as victory is inconceivable without the victory of Allied navies in the Battle of the Atlantic, or the contribution of the Red Army on the Eastern Front, or the Mediterranean theater and the great invasion of Western Europe in spring 1944. And herein lies much of the problem. By claiming so much for airpower before the war (and after the war as well), airmen created false perceptions that documentary and historical evidence simply does not support. The strategic bombing offensives contributed to Allied victory because they supported and were supported by the efforts of Allied ground and naval forces. Perhaps the best fashion in which to address the question of opportunity costs is to ask what other alternatives existed to the Anglo/American nations in waging World War II. The answer is virtually nothing. A greater emphasis on ground forces would not have even made an earlier landing on the coast of France possible. And it is hard to conceive that landing without either complete air superiority -impossible to achieve without the Combined Bomber Offensive -or the transportation attacks of April and May 1944 that paralyzed the French transportation network, and made the German buildup in Normandy extremely difficult. Moreover, the lack of strategic bombing against Germany in 1943 would have made the German anti-aircraft forces available for deployment on the eastern front. Would a quarter of a million men and 5-7,000 anti-tank guns of heavy caliber have made a significant difference in the great battles of summer 1943 in the east? We cannot say for sure, but the task of the Soviet armies would have been far more difficult.
The cost of this offensive was high indeed. Our historical memories are conditioned by the disastrous raids against Schweinfurt (60 B-17s lost on each) and Nuremberg (108 bombers lost). With hindsight we can argue that the Combined Bomber Offensive was often waged in an unimaginative fashion, that air forces failed to adapt to changing tactical and technological conditions, and that the possible contributions of airpower were often minimized rather than maximized. But are those not the conditions under which war is always fought? Certainly Bomber Command might have increased the effectiveness of the transportation and oil plans from September 1944 to the war's end, if it had abandoned Harris' fixation on »area« bombing. What is sure is that the Combined Bomber Offensive was crucial in causing the final German collapse. An exact measurement is impossible in quantitative terms. We might delineate the issue by recording the response of an expert on »Ultra« when asked by a German historian as to why, in view of »Enigma« intelligence, the Allies had not won the war sooner. He replied: »We did!« The same response can be given for the contributions of the strategic bombing campaigns, and that alone justifies the opportunity costs.
There are a number of key issues that are of relevance to us today. The first is that many of the assumptions with which pre war airmen entered the war proved wrong. Nevertheless, it took an interminable time for air forces and airmen to adapt to the realities which they faced. We should not have the arrogance to believe that our assumptions are any less fallible or that we have thought through our problems in a superior fashion to those who went to war in 1939. In fact, if we are to learn anything useful from the past, we must recognize that our vision may be as flawed.
The second lesson is equally applicable. Pre war theories of airpower pictured modern society, either in terms of popular morale and attitudes or in terms of its complex industrial infrastructure, as being fragile and easily disrupted by air attacks. In every respect these theories were wrong in such characterizations. Civilian morale proved an elusive target. The result of being bombed out of one's house or seeing one's relatives or friends killed was as often as not anger and a desire to see the war through to the end rather than panic and collapse. Moreover, when morale did show signs of cracking, the modern state, whether democratic or totalitarian, proved capable of providing the necessary stiffening needed to bring things under control. The productive capacity of industry showed immense flexibility and adaptability in the face of incredible hardships and difficulties. Not until winter 1944-1945 were Allied air forces in a position to break the industrial and productive links of the German economy, and then only by the most extraordinary effort. Admittedly the scale of destructive power available to us is exponentially greater.
